Introduction
As the primary microtubule-organizing center (MTOC) of the cell, the centrosome is a major structural determinant of the mitotic spindle. Like each chromosome, the centrosome must replicate once and only once per cell cycle in order to maintain the fidelity of nuclear division and the integrity of the genome. While the mechanisms that govern this process are not well understood and are sure to be complex, centrosome duplication can be described as involving three general steps. First, the centrosome splits to form two centrosomes, each with half the reproductive capacity of the original. Second, a replication step restores each new centrosome to full reproductive capacity. Third, the replicated centrosomes sever any remaining connections and move apart. In the past few years, several factors have been identified that regulate each of these steps. Among these factors is the ZYG-1 kinase of C. elegans, which functions during both mitotic and meiotic divisions (O'Connell et al., 2001) .
The centrosome is a non-membrane bound organelle composed of two distinct domains. At the center is a pair of centrioles, cylindrical structures composed of microtubules. While the microtubules of the centriole cylinder most often are arranged as nine sets of triplets, significant deviations from this basic structure have been observed (Phillips, 1967) . This includes early Drosophila and C. elegans embryos which have centrioles composed of nine singlet or nine doublet microtubules (Wolf et al., 1978; Moritz et al., 1995) . A centriole pair contains one mature or mother centriole, at least 1.5-cell generations old, and one immature or daughter centriole, produced during the preceding S phase. Prior to initiating duplication, the daughter is aligned perpendicular to the mother so that its long axis intersects that of the mother. The centrioles are tightly associated with the reproductive capacity of the centrosome (Sluder and Rieder, 1985) and have been implicated in organizing the PCM into a discrete focus (Bobinnec et al., 1998) . Surrounding the centrioles is the pericentriolar material or PCM, a complex and dynamic meshwork of proteins involved in microtubule nucleation (Gould and Borisy, 1977) .
At the end of the cell division cycle, each spindle pole is segregated to one of the daughter cells and thus each daughter inherits a single centrosome containing one centriole pair. Before the ensuing mitosis, the centrosome must replicate once and just once so that two centrosomes will be present during the next round of spindle assembly. Proper duplication is required to ensure spindle bipolarity and that each daughter cell will inherit a single centrosome. Duplication begins when the two centrioles of a pair lose their orthogonal configuration and move a short distance apart (Kuriyama and Borisy, 1981) , a movement sometimes referred to as disorientation. As the cell proceeds into S phase, the synthesis of new daughter centrioles initiates with the formation of a procentriole next to and at a right angle to each pre-existing centriole. The daughter centrioles elongate during the remainder of the cell cycle and as the cell enters mitosis, the centriole pairs, each of which is associated with PCM, move to opposite sides of the nuclear envelope where the poles of the future spindle will be established.
It has long been hypothesized that the centrosome, with its central role in the cell division cycle, could play a role in the generation of cancer if one of its fundamental activities were disrupted. However, only in the past few years has evidence to support this theory been obtained. In 1996, Fukasawa and colleagues reported that mouse cells lacking the p53 tumor suppressor gene possess more than the normal number of centrosomes. Since then, centrosome abnormalities have been reported in tumor cells from the most common human cancers (reviewed in Kramer et al., 2002) . Defects in centrosome structure or replication could impinge upon the function of the mitotic spindle and lead to chromosome transmission defects and the generation of cells with abnormal chromosome content. Such genomic instability is a hallmark of cells undergoing neoplastic progression. While a causal relationship between centrosome defects and cancer remains to be established, further study of the centrosome and its replication might yield useful new markers for the diagnosis and treatment of cancer (Pihan et al., 2001) .
In this review, I will focus mainly on the recent application of modern molecular and genetic techniques to the study of centrosome replication in the nematode Caenorhabditis elegans. However, I will first provide a brief description of classical studies on the behavior of centrosomes in chemically modified echinoderm eggs as they illustrate some of the important concepts involved and provide a starting point for interpreting the phenotypes of centrosome replication mutants in C. elegans.
The concept of a polar organizer
In 1960, Mazia and colleagues reported a series of revealing experiments on the reproduction of mitotic centers (spindle poles) in sea urchin and sand dollar eggs (Mazia et al., 1960) . This group discovered that bmercaptoethanol, when applied to echinoderm eggs led to a reversible dissolution of the bipolar spindle and a mitotic delay. When mitosis was delayed for the equivalent of one cell cycle, the mitotic centers split (Figure 1 ). The effect of b-mercaptoethanol on splitting was indirect, as other treatments that prolong mitosis were later found to produce the same effect (Sluder and Begg, 1985) . When the b-mercaptoethanol was with- Figure 1 Relationship between centriole number and reproductive capacity of spindle poles in chemically and genetically manipulated embryos. Top row: sea urchin eggs treated with b-mercaptoethanol undergo a mitotic delay. If the delay is long enough (green shading), centriole pairs split and move apart. When b-mercaptoethanol is removed, mitosis resumes and the cell assembles a tetrapolar spindle with one centriole at each pole. Centrosome duplication during the next cell cycle converts each singlet to a centriole pair, which organizes a monopolar spindle. An additional round of duplication produces two centriole pairs and a bipolar spindle. Second row: in wild-type C. elegans, paternal ZYG-1 regulates centrosome duplication during male meiosis. Each primary spermatocyte undergoes two successive meiotic divisions to form four spermatids. During meiosis, each spindle pole contains a centriole pair. At the completion of the second meiotic division a centriole pair is packaged within each sperm. After fertilization, maternal ZYG-1 is needed to replicate the sperm centriole pair and produce a bipolar spindle. Maternal ZYG-1 functions as well during the subsequent cell cycles. Third row: early development in the absence of paternal ZYG-1. When zyg-1 ts mutants are grown under restrictive conditions (red shading) during spermatogenesis, centriole synthesis fails following the first meiotic division. Each secondary spermatocyte inherits a centriole pair and can assemble a bipolar spindle but with only a single centriole at each pole. The second meiotic division is otherwise normal and generates fertilization-competent sperm which each carry a single centriole. After fertilization, maternal ZYG-1 promotes the synthesis of a daughter centriole to produce a pair and a monopolar spindle is formed during the first cell cycle. Duplication during the second cell cycle leads to two pairs and a bipolar spindle. Bottom row: early development in the absence of maternal ZYG-1. Spermatogenesis is normal and sperm deliver a centriole pair at fertilization. However, if maternal ZYG-1 is inactivated (red shading), daughter centrioles are not formed leading to a bipolar spindle with singlets at each pole. In the cell cycles following first division, monopolar spindles are organized around each singlet drawn, the cells invariably assembled tetrapolar spindles and divided from one to four cells. This cleavage pattern was termed a quadrapartition. Because each pole could split to form two poles but could split no further, the authors surmised that each original pole was a duplex, of two functional units (later referred to as polar organizers), each of which had the potential to organize a spindle pole.
The authors then made a remarkable set of observations on the fate of the quadrapartitioned poles. During the cell cycle immediately following a quadrapartition event, a monopolar spindle was assembled in each of the four daughter cells. This was followed one cell cycle later by the formation of a bipolar spindle in each cell. Thus, each of the daughters of a quadrapartition event had apparently inherited a 'half' pole or 'half' centrosome (one polar organizer). When the normal process of centrosome duplication proceeded during the next cell cycle, each half centrosome was restored to the duplex state (two polar organizers). This 'whole' centrosome could now duplicate in its usual manner to form a bipolar spindle one cell cycle later. From these observations the authors reasoned that centrosome replication involves at least two discrete steps: a splitting event that produces two daughters with half the 'valence' of the mother and a replication step that is necessary to restore each daughter to the duplex state and allow further replication.
These experiments also demonstrated that centrosomes did not reproduce by simple fission. Such a mechanism would involve division of a body to form two equivalent (and fully functional) structures. In such a case, the events of replication and splitting are one and the same. This is obviously not the case with centrosome duplication in which duplication and splitting can be experimentally uncoupled. Instead, Mazia and colleagues argued that centrosome duplication proceeded via a 'generative' mechanism whereby a reproducing body contains a seed that directs the formation of a replica of the original body.
The centriole is an obvious candidate for the polar organizer as it exists in a duplex state and reproduces not by fission but by directing formation of a closely associated daughter centriole. Furthermore, as seen by electron microscopy, the processes of centriole pair splitting (disorientation) and replication (daughter centriole synthesis) are temporally distinct (Kuriyama and Borisy, 1981) . In 1985, Sluder and Rieder (1985) revisited the quadrapartition experiments and found by transmission electron microscopy that 'half' centrosomes contain one centriole, while centrosomes restored to full reproductive capacity possess two. While these data demonstrate a close association between centrioles and polar organizers, we cannot equate the two. Centrosome-like MTOCs can assemble in zygotes (Sluder et al., 1989b) and somatic cells (Maniotis and Schliwa, 1991) in which the centrioles have been microsurgically removed. Ultrastructurally, these MTOCs possess the morphology characteristic of the centrosome but do not regenerate centrioles. Thus something closely associated with the centrioles, but not the centrioles themselves, is essential for polar organizing activity.
A significant observation on the behavior of these acentriolar MTOCs is that they do not replicate (Sluder et al., 1989b; Maniotis and Schliwa, 1991) . This finding is consistent with the idea that centrioles or something tightly associated with them determine the replication potential of the centrosome (Sluder and Rieder, 1985) . This statement might seem at odds with the numerous examples of viable acentriolar cells. For instance, in animals, many meiotic (Szollosi et al., 1972; Albertson and Thomson, 1993; Megraw and Kaufman, 2000) and mitotic cells (Szollosi et al., 1986;  de Saint Phalle and Sullivan, 1998) lack centrioles but dutifully assemble bipolar spindles. However, it is now recognized that in some instances bipolar spindles can form via a centrosome-independent pathway that involves microtubule organization around DNA (Heald et al., 1996) . Therefore in these acentriolar systems, spindle assembly might not rely upon duplication of an MTOC. In summary, while centrioles are tightly associated with polar organizing activity and the reproductive capacity of centrosomes, so far only the polar organizing activity has been experimentally dissociated from the physical structure of the centriole.
Sexual reproduction and the maintenance of centriole number
While the basic regulatory mechanisms that govern centrosome number during mitosis are sure to be complex, additional layers of control must exist in multicellular organisms. For instance, mechanisms must be in place to deal with the challenge of maintaining centriole number during fertilization (Schatten, 1994) . If both sperm and egg are equipped with a centriole pair, their union at fertilization could conceivably produce a zygote with two pairs of centrioles. As in studies where extra centriole pairs were introduced by polyspermy, these centrioles would replicate during the first S phase leading to an excess number of spindle poles (Navara et al., 1994) . Thus, there must exist in sexually reproducing species a means to assure that only two centriole pairs are present during first division of the zygote. Conceptually, one way of achieving this would be akin to the mechanism utilized by sexually reproducing organisms to maintain chromosome number. That is during meiosis, centriole number could be reduced so that gametes receive half the number found in somatic cells. Fusion of egg and sperm would thus re-establish the somatic number. This model might seem particularly intriguing because of the numerous parallels that have been drawn between chromosome replication and centrosome duplication (Stearns, 2001) . However, this is one instance where the behavior of these two cellular entities differs. While homologous chromosome pairs are inherited biparentally, centriole pairs are inherited uniparentally. That is, within a given species, the zygotic centrioles are either of maternal or paternal origin. In most of the organisms studied so far, the zygotic centrioles are donated by the sperm and are thus strictly of paternal origin (Sluder et al., 1989a; Albertson and Thomson, 1993; Schatten, 1994) .
The female centrioles are lost during the course of oogenesis but the precise time at which they are lost seems to be species specific. In Drosophila and C. elegans for instance, the centrioles are lost before the first meiotic division so that the poles of the female meiotic spindles are acentriolar (Albertson and Thomson, 1993; Megraw and Kaufman, 2000) . In contrast, in both starfish (Sluder et al., 1989a) and surf clams (Wu and Palazzo, 1999) , centrioles are present on the female meiotic spindles but these maternal centrioles do not participate in the zygotic divisions. At present, the mechanisms that underlie the uniparental inheritance of centrioles in any organism have not been characterized at a molecular level.
Molecular and genetic analysis of centriole replication in C. elegans
Recently, the zyg-1 gene of C. elegans has been identified as a regulator of centrosome replication (O'Connell et al., 2001) . C. elegans is a free-living soil nematode with a hermaphroditic mode of reproduction. In terms of the somatic structure of the gonad, the hermaphrodite is a female. However, gametes can differentiate as either sperm or egg. The maturing hermaphrodite first produces sperm then permanently switches over to the production of oocytes. Once formed, the sperm are stored internally and are used to fertilize eggs. An advantage of this type of reproductive system for centrosome research is that mutations that produce a defect in the male and/or female germ line can be identified in a single strain of hermaphrodites without having to perform genetic crosses.
The first zyg-1 allele was identified over 20 years ago as an embryonic lethal or zygote-defective mutation (Wood et al., 1980) but only recently has the basis for the embryonic lethality been determined (O'Connell et al., 2001) . The offspring of mutant hermaphrodites fail to progress beyond the two-cell stage and exhibit defects in cell division during the first and/or second cell cycle. Failure to divide is attributed to the absence of a bipolar spindle. Instead, cells assemble a monopolar spindle with the chromosomes arrayed about the periphery. As a result, the chromosomes fail to segregate and the cell does not develop a primary constriction and divide. Importantly, cell cycle progression appears normal in zyg-1 mutants; despite the block in nuclear division, mutant embryos continue to synthesize DNA and nuclear envelopes intermittently breakdown with a periodicity roughly equal to the length of an early cell cycle. Thus, the defect in duplication is not the indirect effect of a general cell cycle block.
It is now known that ZYG-1 is required at all stages of development, including postembryonic development (O'Connell et al., 1998) . The identification of conditional strong loss-of-function mutations has made it possible to study ZYG-1 in many different tissues (Wood et al., 1980; O'Connell et al., 1998) . Work has so far focused on the early embryonic divisions where both paternally and maternally expressed ZYG-1 play a role.
Initial genetic analysis established that maternal zyg-1 gene expression is absolutely required for embryonic viability (Wood et al., 1980; Kemphues et al., 1988; O'Connell et al., 1998) . That is, the early divisions of the embryo are dependent upon ZYG-1 protein or RNA produced by the mother and stored in the egg. This is not surprising, as early embryos are not transcriptionally active; the cellular machinery needed for the initial divisions derives predominantly from maternal RNA and protein pools present in the egg. What this means in genetic terms is that it is the genotype of the mother and not the zygote that determines the success of the early divisions. Only recently has an absolute requirement for paternal zyg-1 gene expression be demonstrated (O'Connell et al., 2001) . This finding was somewhat unexpected as only a few paternal requirements for embryonic development had been demonstrated (Browning and Strome, 1996) . However, as centrioles are of paternal origin in C. elegans (Albertson and Thomson, 1993), a significant fraction of mutations with a paternal-effect phenotype might represent genes that regulate centriole function.
Through a combination of genetics and microscopy, the respective roles of paternal and maternal ZYG-1 have been worked out. Embryos that specifically lack the paternal component assemble a monopolar spindle and arrest at the one-cell stage. Conversely, embryos which lack only the maternal component progress to the two-cell stage before assembling monopolar spindles and arresting. Thus, paternal ZYG-1 governs formation of the first bipolar mitotic spindle while maternal ZYG-1 regulates this process during the later cell cycles.
Video analysis of live mutant embryos indicates striking parallels with the work of Mazia et al. (1960) . In embryos that lack only paternal ZYG-1, a single MTOC forms during the first cell cycle, and at mitosis, this centrosome organizes a monopolar spindle ( Figure  1 ). The cell fails to divide, disassembles its spindle, and re-enters interphase. As the cell progresses towards second mitosis, the centrosome duplicates and at mitosis a nearly normal bipolar spindle is assembled. The cell divides and during the ensuing cell cycles, centrosomes continue to duplicate as each cell assembles a bipolar spindle. The behavior of an embryo deficient in paternal ZYG-1 is thus identical to the behavior of a daughter of a quadrapartition event. In other words, the centrosome donated by the sperm is functionally a 'half' centrosome that is restored to full reproductive capacity during the first cell cycle by maternal ZYG-1. Despite the ability of these embryos to resume nuclear division after the first cell cycle, they fail to hatch. This embryonic lethality appears at least in part due to aneuploidy, incurred as a result of the failed first division.
The maternal phenotype is the reciprocal of the paternal phenotype. Embryos that lack only maternal ZYG-1 activity assemble a bipolar spindle during the first cell cycle and monopolar spindles at the second cell cycle (Figure 1) . Again by drawing parallels to quadrapartitioned eggs, we can explain the maternal phenotype as follows. The centrosome donated by the sperm splits to form two 'half' centrosomes that establish the poles of the first spindle. Due to the absence of maternal ZYG-1, these centers are not restored to the duplex state so that once partitioned to daughter cells at division, each can only organize a single spindle pole.
Ultrastructural and genetic analyses have determined the basis of the duplication defect and the critical time period when ZYG-1 executes its essential function. ZYG-1 is required for the formation of daughter centrioles and acts one cell cycle prior to when defects are first observed. That is, in the absence of paternal ZYG-1, the synthesis of daughter centrioles is blocked during the male meiotic cycles resulting in the production of sperm that contain a single centriole (Figure 1 ). By functional criteria -i.e., the first cell cycle defects -these sperm possess half the centrosome replication capacity of normal sperm. Maternal ZYG-1 is required for daughter centriole synthesis in the embryo. In its absence, the paternal centriole pair splits during the first cell cycle and gives rise to a bipolar spindle but new centrioles are not formed. The monopolar spindles assembled during the later cell cycles thus contain a single centriole just like the monopolar spindles produced by a quadrapartition event.
A critical distinction then concerning the paternal and maternal roles of ZYG-1 is that the paternal defect reflects a role in meiosis and the maternal defect a role in mitosis. The paternal defect therefore offers a means to study meiotic control of centrosome replication. From simple inspection, regulation of centrosome duplication must differ between these two modes of cell division. The tight linkage between S phase and daughter centriole synthesis seen in mitosis is severed during meiosis where centrosome duplication is not accompanied by DNA synthesis in the intervening period between meiosis I and II. Interestingly, some zyg-l alleles behave as dominant gain-of-function mutations in the male germ line and recessive loss-offunction mutations in the female germ line (K O'Connell, unpublished observations). The gain-offunction paternal defect gives rise to the presence of extra centrosomes in the zygote. While the basis of the paternal defect is currently unclear, the differential behavior of these mutations in the male and female germ lines suggests that ZYG-1 is regulated differently during meiosis and mitosis. Sorting this out will require the identification of factors that act specifically or predominantly in the maternal or paternal germ line. The sas-1 gene might encode one such factor. In sas-1 mutant embryos, the first mitotic spindle fails to form, although bipolar spindles often form during later cell cycles (M Delattre and P Go¨nczy, personal communication). In one of the sas-1 mutant alleles, this defect arises purely from perturbation of SAS-1 function in the male germ line and thus SAS-1 might have a specialized role in male meiosis.
Molecular analysis indicates that ZYG-1 might function by regulating the activity of other essential replication factors. The zyg-1 gene encodes a member of the protein kinase superfamily (O'Connell et al., 2001) ). By phylogenetic criteria, ZYG-1 is an orphan kinase and does not belong to any one of the established kinase subfamilies (Hanks and Hunter, 1995) . This includes kinases with known centrosomal roles such as the polo-like kinases and the aurora kinases both of which have clear orthologs in C. elegans (Schumacher et al., 1998a,b; Chase et al. 2000a,b) . Molecular genetic data indicate that ZYG-1 kinase activity is essential for centrosome duplication but ZYG-1 substrates have yet to be identified. Putative substrates might be expected to be centrosome associated as ZYG-1 localizes to centrosomes. The association of ZYG-1 with the centrosome is transient, however, with peak levels detected from anaphase through telophase. While this might appear to be the wrong time to localize to the centrosome, in many early embryos, including those of C. elegans, DNA synthesis (Edgar and McGhee, 1988) and centrosome replication (Sluder and Rieder, 1985; Callaini and Riparbelli, 1990) begin near the end of mitosis. Thus, this timing is consistent with a direct role in regulating daughter centriole synthesis.
Plugging ZYG-1 into the centriole cycle An important question concerning ZYG-1 is how it interacts with other regulators of centrosome duplication. In the past several years a number of factors have been shown to play a role in the centriole cycle and function at discrete steps in the pathway (Figure 2 ). Many of these factors are required early in the process, presumably upstream of ZYG-1. The cyclin dependent kinase cdk2 in association with either cyclin E (Hinchcliffe et al., 1999; Lacey et al., 1999; Matsumoto et al., 1999) or cyclin A (Meraldi et al., 1999 ) is required to initiate centrosome duplication. One of the substrates of Cdk2-E is the centrosome-associated protein nucleophosmin (Okuda et al., 2000) , which appears to act locally to inhibit the splitting of centriole pairs. Upon phosphorylation by Cdk2-E, nucleophosmin is lost from the centrosome and duplication proceeds. After the cell enters mitosis, nucleophosmin re-associates with centrosomes. It is possible that Cdk2-E might control later steps in the pathway as well. Thus, ZYG-1 and Cdk2-E might have a direct interaction. However, analysis of mutations in the worm cyclin E gene have so far not revealed defects in centrosome duplication (Fay and Han, 2000) and an interaction between ZYG-1 and Cdk2-E has yet to be explored.
Another protein directly or indirectly regulated by Cdk2-E is the mouse mMps1p protein, an ortholog of the yeast Mps1p Kinase (Fisk and Winey, 2001 ). Duplication of the spindle pole body, the primary yeast MTOC, requires the activity of Mps1p (Winey et al., 1991) . Fisk and Winey (2001) have shown that overexpression of mMps1p in S phase arrested NIH 3T3 cells can induce centrosomes to duplicate repeatedly, while expression of a kinase-deficient mutant blocks duplication. Interestingly, mMps1p-driven centrosome duplication requires Cdk2-E whose activity is necessary to maintain the cellular levels of mMps1p and its association with the centrosome. Both Cdk2-E and mMps1p levels might also be regulated by the SCF ubiquitin ligase which plays a role in regulating duplication (Freed et al., 1999; Wojcik et al., 2000) . Whether mMps1p is required for splitting of the centriole pair or some later step is currently unknown. Interestingly, despite the high sequence conservation between yeast and mouse Mps1p family members, a C. elegans ortholog is not apparent. One intriguing possibility is that ZYG-1 fulfills the role of Mps1p in worms.
The factors that are most likely to interact with ZYG-1 are those that function in the same step in the centriole cycle. Besides ZYG-1, only g-tubulin has been implicated in the assembly of daughter centrioles. gtubulin is a ubiquitous centrosomal protein that localizes to both the centrioles and PCM, and is involved in microtubule nucleation (Oakley, 2000) . Ruiz et al. (1999) studied the effect of depleting gtubulin on basal body duplication in Paramecium. Basal bodies are analogous to centrioles and are found at the cell cortex of some interphase cells where they organize cilia or flagella. The cortex of Paramecium cells is occupied by thousands of basal bodies, each of which appears as a doublet by immunofluorescence. When expression of g-tubulin was blocked, basal body singlets were observed (Ruiz et al., 1999) . This finding indicates that g-tubulin might be required to nucleate centriolar microtubules. C. elegans has a single divergent g-tubulin and functional studies of this Figure 2 Proposed morphogenetic pathway for centrosome duplication. Shown are some of the factors implicated in regulating the centriole cycle and their known or suspected interactions with other regulators. Arrows denote a positive influence on the downstream target, while t-bars indicate a negative influence. In this model, Mps1p is envisioned as functioning in the splitting of the centriole pair, but it might operate at a later step or at multiple points in the cycle. Because the role of Mps1p is not known with certainty, its activity is denoted with a question mark protein have not revealed defects in centrosome duplication (Bobinnec et al., 2000; Strome et al., 2001; Hannak et al., 2002) . However, duplication defects could easily have been masked by the severe spindle defects observed in those embryos where gtubulin was strongly inhibited.
Following the synthesis of daughter centrioles, the two centriole pairs must separate and migrate apart in order to establish a bipolar spindle. Two proteins have been identified which appear to regulate the connection between the replicated centrosomes. Nek2, a protein kinase, and its substrate C-Nap1 localize to the centrioles near the junction of mother and daughter (Fry et al., 1998a) . Overexpression of Nek2 leads to premature splitting of centrosomes (Fry et al., 1998b) . Thus, C-Nap1 might form part of a tether between mother and daughter and Nek2 might regulate this connection through phosphorylation of C-Nap1. Because separation of mother and daughter does not require that new centrioles first be synthesized (Sluder and Rieder, 1985; Sluder et al., 1989a) , mutations that block centriole assembly can be analysed for effects on downstream events. In zyg-1 mutants, centrioles appear perfectly capable of migrating apart and thus, ZYG-1 does not appear to function at this step in the cycle. As yet, C. elegans orthologs of Nek2 and C-Nap1 have not been identified.
To understand how centrosome replication defects might contribute to the onset of cancer, we need to understand how the process is normally regulated. Thus, the challenge remains to identify all the essential factors. The zyg-1 mutations provide a means of applying genetics to this problem. The identification of factors that interact with ZYG-1 and regulate centrosome duplication during the mitotic and meiotic cycles will allow formulation of a morphogenetic pathway and ultimately a deeper understanding of this essential cellular process.
